Juvenile idiopathic arthritis (JIA) is among the most common chronic conditions of childhood affecting approximately 1 in 1,000 Canadian children, and between 0.07 and 4.01 in 1,000 children worldwide (15, 21) . The condition is characterized by the consequences of synovial inflammation: pain, stiffness, swelling, and limited range of motion in affected joints (7, 25) . Children with JIA have low levels of physical activity when compared with their healthy peers, perhaps reflecting chronic pain (10, 18, 20) . Taken together, the inflammation and inactive lifestyle adopted by more than 75% of children with JIA further exacerbate the deconditioning process, ultimately leading to increased fatigability and severe limitations in functional ability (9, 10, 23) .
Much of the disability associated with JIA occurs as a result of muscle weakness and atrophy (11, 13, 17) . Physical fitness, assessed through exercise testing, can be used as an index of muscle strength and functional capacity in children with a chronic disease, including JIA (8, 20, 24) . More specifically, moderate-tostrong associations have been reported between anaerobic fitness, as assessed by the Wingate Anaerobic Cycling Test (WAnT) and the JIA patient's hygiene and ability to dress and groom, arise from a seated position, walk and eat independently (i.e., activities of daily living), measured by the disability index of the Child Health Assessment Questionnaire (CHAQ; r s range: -0.473 to -0.765; 19).
The WAnT is a 30-s all-out cycling test, originally developed for healthy children, performed against resistance or braking force standardized to body mass (1) . While this standard braking force is adequate in a healthy population in whom the relationship between muscle mass and total body mass is similar, it may not be appropriate for children with JIA who exhibit an altered muscle mass to total body mass ratio (2, 3, 13) . Consequently, muscle power generated using this standardized braking force approach may be significantly different, and therefore inaccurate, from the power generated when braking force is optimized for the individual, as has been demonstrated in other neuromuscular conditions (24) . In fact, deviations of as little as 0.2 kg from the optimal braking force during an arm cranking WAnT resulted in reduced peak power by as much as 8-20% in children with a neuromuscular disease (24) .
Children with JIA assessed by the WAnT exhibit decreased anaerobic fitness compared with their healthy peers (22, 23) . Since these tests have used a standardized braking force, the extent to which the reported low levels of muscle power are due to an inappropriate braking force or a true reduction in anaerobic fitness requires further study and clarification. The objective of this study was to assess WAnT performance when the test is performed against a standard vs. optimized braking force. Table 1 . Average disease duration was 9.2 ± 5.2 years. All participants were in clinical remission, defined as having no pain or swelling in any joints, for at least 2 months (mean ± SD, 6.3 ± 3.2 months). None of our participants were undergoing any biological therapies. Disease-related participant characteristics are presented in Table 2 . Parents or guardians provided written informed consent before their child's participation in the study.
Methods

Study Population
Experimental Protocol
Participants were asked to visit our research laboratory on two separate occasions. During visit 1, standard anthropometric data were collected including weight, height, sitting height and body composition assessed by bioelectrical impedance analysis (BIA 101A RJL system, Miami U.S.A). Participants then performed 3-6 × 15-s all-out cycling tests (force-velocity), with a 10-min rest between each bout, on a Fleisch-Metabo cycle ergometer (Fleisch-Metabo, Geneva, Switzerland). The braking force applied during each test was randomized and corresponded to 3.5, 4.5, 5.5, 6.5, 7.5 or 8.5% of body weight. These tests were done to establish the optimal braking force defined as the percent of body weight that elicited the highest mean power output over the 15-s test. Visit 2 was performed 7-to 12-days later (mean ± SD, 9.1 ± 2.0 days). Participants completed a 3-min warm-up at 60 rpm with 2 × 10-s unloaded, all-out sprints at 1-and 2-min. Maximal pedalling speed was then determined during 20-s of unloaded, all-out cycling. Following a 3-min rest period, two 30-s WAnTs were performed using the standard (4.5%) and optimized braking force. The order of the WAnTs was randomized with a 10-min rest between each. All trials (including the force-velocity trials) were performed with a flying start which consisted of unloaded cycling; the braking force was applied as soon as the participant attained 80% of their maximal pedalling speed. The cycle ergometer was connected to a computer which determined the participant's speed and power. Peak power (PP) was defined as the highest 3-s power output; mean power (MP) was defined as the average power output over the entire 30-s These values were determined and expressed in absolute terms and per kg body weight. Fatigue index (FI) was also calculated as the difference between PP and the lowest power achieved expressed as a percentage of PP.
Statistical Analyses
Differences in standard and optimized WAnT results (PP, MP and FI) were assessed by dependent sample t tests as well as Wilcoxon signed ranks tests. Results of the parametric tests are presented below as no differences were seen between these and the nonparametric statistics. Statistical significance was set at p ≤ .05. All analyses were performed in SPSS (version 17.0, Chicago, IL) and all values are reported as mean ± SD.
Results
No significant differences were observed between standard and optimized braking force, although a trend toward a larger optimized braking force was observed (optimized: 5.4 ± 1.1% vs. standard: 4.5% p = .06). Similarly, PP tended to be greater in the optimized compared with standard WAnT (12.5 ± 2.6 vs. 10.8 ± 1.0 W/kg, respectively, p = .07, Figure 1A ). Based on this difference in PP between the optimized and standard WAnTs (1.7 W/kg), we calculated our statistical power to be 59% (4). Mean power was not different between WAnTs (optimized: 6.2 ± 1.1 W/kg vs. standard: 6.2 ± 0.9 W/kg, p = .9, Figure 1B) , nor was the fatigue index (optimized: 68.1 ± 13.1% vs. standard: 67.9 ± 9.5%, p = .9). Table 3 provides comparisons between the current results and selected relevant reports from the literature.
Discussion
It is important to accurately assess fitness if it is to be used as an indicator of functional ability. Thus, tests developed for healthy children must be evaluated and optimized for children with a chronic condition. In light of previous research reporting low values of muscle power in youth with JIA, we used a series of forcevelocity tests to determine if the braking force for a WAnT should be optimized for these patients. Our results indicated that the standard WAnT underestimated peak power by 11%, fatigue index was lower in the standard WAnT by 4%, while Houghton, et al. 13 10.5-17.7 n/a 9.7 ± n/a n/a n/a mean power was not altered by optimization. Since the WAnT has been used as a clinical exercise test in pediatric patients with a chronic condition, consideration of a braking force optimization procedure may be warranted to improve the WAnT's ability to detect clinically-relevant changes in response to therapy. Optimized PP was similar to reported values for healthy Dutch children, while standard PP values were lower (22) . When compared with other children with JIA, our participants' standard and optimized WAnT PP were greater than the reported PP values (22) . This may be attributable to the fact that we excluded children with active disease and systemic JIA, while Van Brussel et al. did not. It may also be associated with the differences in age between our participants (11-17 years of age) compared with those of Van Brussel et al. used an electromagnetically-braked ergometer. While there is some evidence to suggest that both ergometers yield similar peak and mean power values, differences in our protocols (i.e., flying start vs. correction for flywheel inertia) may also contribute to the discrepancies between our results (16) .
It is interesting to note that MP for both the standard and optimized WAnT were similar to that of other reports of children with JIA (current study: 292.4 ± 123.7 vs. van Brussel: 250.3 ± 137. 1; 22) . This suggests that despite MP optimization, local muscle endurance is decreased in children with JIA, while the ability to generate muscle power (i.e., peak power) remains unaltered. Results of a muscle biopsy study examining muscle fiber type composition in healthy children and children with JIA highlighted the fact that children with JIA tended to have smaller type I fiber diameters compared with healthy children, while type II fiber area was unchanged (12) . Moreover, children with polyarthritis were found to have a significantly lower proportion of type I fibers compared with other subgroups of arthritis (66 vs 80%, p < .01; 12). It is possible that the decreased MP observed in JIA compared with values previously reported in healthy children is related to these differences in muscle fiber size and type.
One of the limitations of this study is that we did not assess a healthy control group, making it difficult to conclude that optimization is only needed for children with chronic disease. Our small sample size also limits our ability to generalize these results to all children with JIA. Moreover, the 15-s force-velocity tests may have been too brief in nature to truly optimize MP. Given the trend toward greater PP values for the optimized WAnT, it seems more likely that the force-velocity test served to optimize PP rather than MP. This duration, however, was selected so as to prevent fatigue and allow the children to complete up to 6 force-velocity tests in one visit. Much like the duration of the force-velocity tests, a 10-min rest between each test was selected to prevent fatigue. While this may be perceived as impractical due to time constraints in a clinical setting, it is important to note that the time spent resting may be reduced, particularly when one considers that most (6 of 8) of our participants felt comfortable cycling again following 4 min of recovery. Moreover, it has been suggested that children recover from a 30-s WaNT in as little as 2 min (5). Therefore, it is plausible that given the time constraints in a clinical setting, the time spent resting be determined on a case-by-case basis. This is the first study, to date, to examine optimization of the WAnT in youth with JIA. Optimization of the WAnT resulted in an increase in PP by 10-28% in this sample of youth with JIA. More importantly, when optimized, PP in JIA was similar to that reported in healthy children, while MP remained lower. Our results suggest that local muscle endurance is altered in JIA and that the clinical utility of the WAnT may benefit from optimization of the braking force.
